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INTRODUCTION
Persisting increases in the scarcity of water resources are a major concern in both the United States and Mexico. Growing water scarcity in the United States is manifested in a number of ways, but probably most clearly in the range and nature of increasing social conflicts concerning the manner in which water is allocated.
Interstate conflicts concerning water have sharpened over the last two decades necessitating, in some cases, the entry of the judiciary in the role of a water manager. Some view such conflicts as having the effect of reshaping the Doctrine of Prior Appropriation (first in use, first in right) which has been the cornerstone of water rights law in the western United States since the 1800s.1 Further, conflicts between groups of water users, e.g., in rural and urban areas, as well as between users and nonusers (envi-*Professor of Economics, the University of New Mexico, and Project Manager, the World Bank, respectively. ronmental groups) of water have become increasingly common in the western United States.
The demography and geography of Mexico is such that water scarcity has long been an issue of critical importance. More than half of Mexico's land lies in areas which receive less than 20 inches of rainfall each year, and more than 50 percent of the mean annual flow of all major Mexican rivers are in drainage areas that constitute but 10 percent of Mexico's total land area. 2 The relative scarcity of water in Mexico is being exacerbated by a persistent and rapid growth in population and concomitant needs for foodstuffs, along with dramatic increases in urban populations.
Opportunities for enhancing water supplies through new reclamation projects are limited in both the United States and Mexico. However, substantial opportunities exist in the two countries for easing the pressures of water scarcity by the elimination of waste and the enhancement of water use efficiency. Given that irrigation uses of water will typically account for some 85 percent or more of a region's total water use, interest in the enhanced efficiency of water use in irrigation is of particular importance in these regards.
Reflecting these concerns and opportunities, this paper has as its general theme the pricing of water resources as a means for enhancing the efficiency of water use in irrigation. Our interest in this theme is wellgrounded in economic theory It is well known that economically efficient patterns of resource use are obtained under conditions where (at the margin) the value earned by the resource in any given use equals its scarcity value (alternatively, opportunity cost or shadow value). In theory, these conditions are typically viewed as resulting via one of two resource allocation institutions.
The first is a decentralized institution wherein the resource is obtained by all users within a competitive market; competitive forces result in a market price which reflects the resources' relative scarcity-the market price is a scarcity value-and the value of the resources' marginal product is equated in all uses. The second is a centralized institution wherein the resource is controlled by some kind of a central manager who knows a priori the scarcity value of the resource. The manager, assumed to be motivated by the desire to maximize the sum of profits for all users, then either directly allocates water so as to equate value-marginal-product and the scarcity value of water or makes the resource available to users at a price which equals this scarcity value. In theory, the ultimate allocation of resources will be the same under these two institutions.
If our theory is so well understood, then an obvious question arises. Given growing water scarcity in the United States and Mexico, as well as in many other countries in the world, why is it that (we assert and will later demonstrate) water pricing is not commonly used as a mechanism for providing water users with incentives to use water efficiently? As something of a corollary question, we may ask: what sorts of institutional and/or policy changes might result in water pricing becoming an effective and practical means by which water resources are allocated? This paper is motivated by our desire to develop responses to these questions, and requires analyses of the following issues.
We must begin with an understanding of current institutions which control the allocation and use of water resources in irrigation. Concern here is with the social mandates which these institutions are to serve, and the implications of these mandates for the institution's flexibility in adopting new policies designed to enhance water use efficiency. For this purpose we have selected as case studies the major agencies in the United States and Mexico charged with the development of irrigation: the Bureau of Reclamation (BuRec) in the United States, and the National Water Commission (Comision Nacional del Agua, CNA) in Mexico. The dramatic differences in the evolution of social mandates which these two agencies have attempted to serve will, we hope, broaden the policy relevance of our discussions to many other countries that are attempting to cope with the problems of growing water scarcity.
Given an understanding of the basic institutional framework which guides the allocation of water used for irrigation in the two countries, we then look to the role which water prices currently play in determining patterns of water use. Within this context, water prices are simply the costs of water which farmers in irrigation districts under the auspices of the BuRec and CNA must pay. Our concern is with two related questions: what are water costs and do they in any sense approximate the relevant scarcity value of water; and is the institutional context within which each agency must operate one which would likely permit the agencies to raise water costs to levels which would approximate a scarcity value for water, or to levels which would provide farmers with meaningful incentives for improved water use efficiency?
Our review of the historical evolution of the BuRec and CNA will suggest that the legal and regulatory settings within which both the BuRec and the CNA now operate impose limits on their ability to directly use any form of scarcity-pricing as a means for improving water use efficiency. We then inquire as to alternative policy changes which would eliminate or reduce these limitations. In this regard, we consider two general policy directions. First, we look for changes in laws and regulations which would lead these agencies toward the use of water prices for efficiency ends. This policy direction follows the 'centralized' paradigm for obtaining optimal patterns of resources use by attempting to have the central manager allocate water via prices known a priori to reflect the relative scarcity of water. A second policy direction which we consider draws upon the decentralized, market paradigm for resources allocation: allow competition among water users within and outside the irrigation districts to set prices for water. Concern in these discussions will focus on appropriate structures for water markets in the United States and Mexico.
To the ends described above, the paper is structured in the following manner. An historical overview of the evolution of social mandates which have served to define the institutional structure of the BuRec and CNA is given. Present water costs and their implications for water use efficiency in irrigation districts served by the BuRec and CNA are analyzed in the following section. Alternative water marketing institutions are examined in the next to last section. Concluding remarks are offered in the last section.
THE BUREC AND CNA: AN HISTORICAL OVERVIEW
To set the stage for our overview of the evolution of the major irrigation agencies in the United States and Mexico, we begin with a brief description of important characteristics of lands managed by these two institutions. The BuRec is a western regional institution as opposed to a national institution. All lands under the auspices of the BuRec are located in western states. Its mission has been limited primarily to the development and management of surface waters used in irrigation; it has not played a major role in the development and management of pump irrigation. Irrigated land in BuRec projects totaled almost four million hectares in 1987.3 Irrigation in BuRec lands accounts for about 21 percent of all irrigated farming in the United States, and about 1 percent of total land in farms in the United States. 4 Average farm size in BuRec districts is 31 hectares, compared with a national average for irrigated farms of 64 hectares.
The CNA is very much a national institution with irrigation districts in most Mexican states (Table 2) . Moreover, its responsibilities extend to the development and management of all water resources, both surface and subsurface. Indeed, some irrigation districts, such as the Costa de Hermosillo in the state of Sonora, obtain all of their water from groundwater supplies.
There are approximately 3.5 million hectares of land in irrigation districts. Land in CNA irrigation districts accounts for some 20 percent of all agricultural lands in Mexico. 5 The size of irrigated farms in irrigation districts range from 12.2 hectares in the Northwest to 2.1 hectares in Mex-ico's central Valley of Mexico, and averages 5.9 hectares (about 20 percent of the size of BuRec farms).
Attention is now turned to the historical evolution of the BuRec and the CNA.
A. The BuRec: A Tool for Achieving Manifest Destiny
Beginning with the Desert Land Act passed by the United States Congress in 1877,6 irrigation development in the United States can be viewed as one of national priorities related to the country's manifest destiny to populate and settle the western states. 7 The Reclamation Act of 1902 made clear the nation's reclamation objectives: the development of arid western lands. 8 Typical of congressional justifications for appropriations to finance irrigation development during this era was their intent to "create an irrigated empire in the West, providing homes for thousands of citizens." 9 The Reclamation Service was established within the Department of the Interior in 1902 for the purpose of administering United States reclamation policy in this regard-thus, our earlier description of the BuRec as a western institution. The Reclamation Service was expanded into the Bureau of Reclamation in the early 1920s.
The original 1902 Reclamation Act provided only for irrigation uses of project water. This limitation was quickly removed, however. In 1906 Congress authorized the delivery of project water to towns and cities in the vicinity of irrigation projects, as well as the leasing of surplus hydroelectric power. In 1920 Congress authorized the Secretary of the Interior to expand water services to uses other than irrigation. Restrictions on the use of federal project water have been still further liberalized over the last decade. As discussed in some detail below, there appear to be growing numbers of circumstances wherein the BuRec can facilitate transfers of water (via either sale or lease of water rights) to uses and users well beyond the confines of irrigation districts. At the outset of irrigation development in the western United States, the expectation of the Congress was that the irrigation sector would be totally self-financed. A Reclamation Fund was established through the sale of public lands, and these funds were made available to farmers as interest-free reimbursable loans for their development of needed irrigation facilities and/or for their contribution to major reclamation projects (the construction of dams, water storage facilities, et cetera). ' The repayment period for such loans was initially set at 10 years; it was extended to 20 years in 1914,12 to 40 years in 1926,13 and to 40 years with an initial 10 year grace period in 1939.'4
While the 'beneficiaries should pay' premise underlying early reclamation policy in the United States was defined rigidly in principle, it could not be enforced in practice. Irrigation farmers were persistently in arrears for loan repayments, necessitating annual legislation by the Congress to forgive or otherwise defer annual payments due from them. 15 The apparent inability of farmers to pay their share of reclamation costs resulted in the congressional creation of a Special Commission in 1937 which was given the mandate to investigate the financial, economic and other conditions of the various.., reclamation projects with particular reference to the ability of each ... project to make payments of water charges without undue burden on water users... [and to make recommendations] as to the best.., and practicable comprehensive permanent plan for such water-right payments with due consideration for the development and carrying on the reclamation program of the United States .... 16
The Commission's report 17 set the stage for the Reclamation Project Act of 193918 which resulted in a complete restructuring of the rules of the game for water reclamation in the United States, and which remains as the legislative cornerstone of contemporary reclamation policy in the United States. Reclamation projects were to be viewed as multiple purpose in scope. 19 Multiple purpose projects were to serve 'beneficiaries' which include private as well as 'public' entities. Private beneficiaries include irrigators, users of electric power, and municipal/industrial water users. The public, as beneficiaries, derive benefits from those aspects of the project which affect such things as recreation, fish and wildlife preservation, as well as environmental and ecological protection or enhancement. 20 Project costs attributable to public aspects served by the project are nonreimbursable. Thus, for post-1939 BuRec projects, capital and O&M costs are allocated among public and private beneficiaries. Public costs are absorbed by the federal government. Repayment contracts are established with private beneficiaries of the project. Nonagricultural beneficiaries repay the full amount of their allocated costs with interest. Irrigation farmers repay a proportion of their allocated costs which is based upon their ability to pay, 21 and interest costs are forgiven. Of primary importance for our later discussions are the following observations related to irrigators rights to water and water costs in BuRec projects. First, it must be noted that the BuRec does not control water rights per se. It owns, controls and manages the storage and distribution facilities, but water rights are controlled by state laws relevant for the area in which the project is located. The BuRec's release of water to farmers for irrigation is then determined by state and federal (typically, interstate compacts) laws and the amount of available water in storage for which contracts have been made. Secondly, but inextricably related to the property rights issue, the BuRec has no legislative mandate which would allow it to levy charges on water users for anything other than repayment contracts for capital costs and O&M costs. Its legal responsibilities are limited to the operation and maintenance of the project's facilities-it can neither change water allocations established by contracts and state laws nor impose water prices/costs in excess of amounts required for the repayment of capital and O&M costs. It then follows that these contracted water costs are essentially fixed costs-they do not vary in any real way with the volume of water use.
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From its creation in 1902 through the mid-1970s, the focus of the BuRec was on the construction of large water reclamation projects and the formation of new irrigation districts. By the mid-1970s, however, at least 20. See U.S. Dep't of the Interior, Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies (1983) (discussing procedures presently used to estimate project benefits and costs).
21. The 1939 Act is mute on the subject of how 'ability to pay' is to be determined. BuRec policies for calculating ability to pay involve adjustments of estimated increases in net incomes attributable to the project for a farm living allowance, allowances for farm operation and management, an equity allowance to allow the retirement of land mortgages, and an allowance for production risks and uncertainty. Ability to pay is typically some 33 percent of estimated net income increases. See Bumess et al., supra note 11, at 813-14.
22. Of course, to the extent that O&M costs vary with levels of water deliveries, some variation may occur.
Fall 1992] two developments resulted in substantial changes in BuRec mandates and policies, changes which may be described as a shift from a focus on construction to a focus on management. First, opportunities for the continued construction of new large scaled water projects had dissipated. As noted by then-Secretary of the Interior James G. Watt, "there are no ideal locations left for huge facilities, such as the Grand Coulee Dam... [for smaller reservoirs] as with other issues, the best has already been taken, whether it is a site for a dam or for a new national park. Secondly, but inextricably related to the first development, by the mid-1970s, one could perceive in the Congress and in the United States body politic a change in attitudes. The development of the West had been accomplished, and national priorities were focused upon other pressing problems (e.g., pressures for fiscal austerity and environmental concerns). As noted by Stoevener and Kraynick, referring to the historical emphasis of the BuRec on construction, "Even the casual observer of the federal interest in water resources development will have perceived the end of an era." 24 The era which has ended in the United States is the era in which the federal government provides virtually all of the up front monies required for reclamation projects, in which large proportions of project costs can be charged to public beneficiaries, and in which substantial subsidies are made available to irrigators. The new, post-1980 era is one in which cost sharing is the relevant principle. 25 Host states of proposed projects must now provide substantive shares (typically on the order of 50 percent) of upfront monies, and the feasibility of proposed projects must now be based upon demonstrations of project benefits which largely exclude public benefits. 26. Reference here is made to the elevated importance of 'national economic development' benefits in feasibility studies, to the exclusion of most, if not all, of the public benefits which were prominent in earlier feasibility studies. For an overview of the declining role of public benefits in BuRec feasibility studies, see descriptions of procedures used in such studies of Water Resources (Secretaria de Recursos Hidraulicos, SRH). The SRH, like its BuRec counterpart in the United States, was largely a constructionoriented agency. Ambitious water reclamation projects were developed during the period extending from the 1930s through the 1970s. With the creation of the National Water Plan Commission (Plan Nacional del Agua, PNA) as an adjunct to the SRH in 1972-73, the SRH initiated a shift in focus from construction to management and planning. In the early 1980s the SRH was combined with the Ministry of Agriculture (forming the new Ministry of Agriculture and Water Resources, SARH) in an effort to more efficiently coordinate water management and development activities of the SRH with those affecting the ultimate clients of the agency: irrigation farmers. Given serious declines in the productivity of Mexico's irrigation sector between the late 1970s and the late 1980s, in 1989 the responsibility for managing the country's water resources was effectively split off from the SARH with the formation of the National Water Commission (the CNA).
The position of land reform as a centerpiece of the Mexican Revolution has had two implications of primary interest for our discussions. First, the development of irrigated lands was to be a tool in the implementation of land reform. In virtually all water reclamation projects constructed by the CNA (or its predecessors), large parts of the newly developed irrigation lands were used for the formation of farm cooperatives (ejidos) populated with previously landless farmers.
27 Indeed, the 'national' character of the CNA, in contrast to the BuRec's regional character, may largely be explained by this linking of irrigation development to a national program for land reform. Secondly, it can be argued that concern by the framers of Mexico's constitution for the importance of available water supplies in efforts to redistribute land lead to their nationalization of all water resources; i.e., water resources are, by the constitution, the property of the state. The elimination of private property rights in water is consistent with a concern that this vital resource would not be monopolized by the wealthy 'latifundistas,' thereby thwarting the goals of land reform. With property rights to water vested with the federal government, the CNA, as a federal entity, can technically be viewed as owning both water facilities and water rights. Unlike the case with its counterpart in the United States, the CNA's authority in this regard is not limited by states' control of water rights. Similar to the restrictions facing the BuRec, however, the CNA's ability to price water at amounts which exceed costs is questionable. The CNA has a legislative mandate to collect all (or in some cases, a proportion of) O&M costs. Limits on the recuperation of 28. Id.
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capital costs are also set out by law. Strictly speaking, it would seem that Mexican law is mute on the issue as to whether or not the CNA could impose charges for water which exceed legislative limits on cost recuperation. As in the case of the BuRec, water costs in CNA projects are fixed in nature. For any one farmer, he may not vary the quantity of water which he uses, thereby varying his water costs. Historically, cooperatives (ejidos), including those in Mexico's irrigation districts, had available to them special facilities for the acquisition of credit, extension/educational services, and marketing facilities. The government's paternalistic interest in the development of the ejido system is of interest for our discussions given the long history of subsidies afforded the system. Subsidies for water costs ultimately extended to all farmers in irrigation districts. Thus, with few exceptions, CNA farmers have never been required to repay capital costs associated with water reclamation projects; moreover, for long periods of time O&M costs were heavily subsidized by the government.
There is an obvious contrast between goals sought by federal water reclamation projects under the auspices of Mexico's CNA and those of the BuRec in the United States. CNA projects have been essentially single purpose in nature, serving basically to promote agricultural production from irrigation within a context which emphasized the goals of land reform. On the other hand, since the 1930s BuRec projects were intended to be multiple purpose in nature, serving not only the needs of irrigated agriculture but those of urban centers and society at large.
Aside from possible implications related to cost allocation, this difference can have important implications for our upcoming discussions of alternative decentralized, market mechanisms as they might be used to affect water prices and therefore incentives for efficient water use. With its evolved tradition of concern with multiple purpose uses of water, mechanisms by which competing demands for water are transmitted through water prices may be easily accommodated within existing procedures used by the BuRec in its efforts to deal with the water needs of its diverse clients. Such may not be the case with an agency like the CNA whose client-agency ties have been limited to agriculture.
Mexico's CNA faces changes in public mandates and priorities which reflect changing conditions paralleling those in the United States. As in the United States, the best locations for new, large scaled water reclamation developments have been taken and there are few if any opportunities for new developments of any substantial scale. The demands for fiscal austerity and growing environmental concerns have resulted in dramatic declines in monies available for the subsidization of water reclamation activities and more stringent requirements for improved water management practices. Indeed, the 'end of an era' of federal interest in the financing of expanded irrigation noted by Stoevener and Kraynick in the United States may apply with equal force in Mexico.
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In response to pressures for the elimination of subsidies to farmers in CNA districts, the CNA is in the process of implementing an institutional change which is of central importance for the theme of this paper. User Associations are being formed within each irrigation district. The Associations will have responsibilities which parallel those in irrigation units: water users will have the responsibility for financing and implementing O&M activities. Costs for required O&M activities, as well as contributions to the CNA's O&M costs for reservoirs and major distribution canals, are determined by the Associations and collected from individual water users. It would seem to be the case that the charters which establish the Associations provide them with a great deal of latitude in terms of permissible activities approved by Association members. One sees in these new Associations at least the outline of a possible entity which could play the role of central manager in the centralized paradigm for efficient water pricing and allocation. This possibility is expanded upon in later sections.
WATER COSTS IN IRRIGATION: INCENTIVES FOR EFFICIENT WATER USE?
We now turn our attention to the issue of major interest in this paper: water pricing as a means for providing incentives for efficient water use in irrigation. In this section we consider the extent to which water costs paid by irrigators in BuRec and CNA projects might serve this purpose. In subsections A and B we consider capital and O&M costs, respectively. In subsection C we focus on the questions: what is the proximity of water costs paid by irrigators to the scarcity value of water; and what might we conclude in terms of the possibilities of the BuRec and/or the CNA raising water costs to the end of improving water use efficiency?
A. Capital Costs in BuRec and CNA Irrigation Districts
As noted above, the bulk of United States water reclamation projects are viewed as multiple-purpose projects. Thus, strictly for the purposes of cost allocation, project costs are spread among private and public beneficiaries of the project. 2 9 For the purpose of determining repayment of allocated costs, farmers pay their ability to pay, power users, municipalities and industry will typically pay the full amount of their allocated costs, and all costs allocated to the public as a beneficiary are absorbed by the federal government. For 49 BuRec projects studied by Burness et al., the percent of total construction costs which was allocated to irrigation ranged between 18 percent to 100 percent, and averaged 70 percent. The percent of costs allocated to farmers which were in fact to be paid by farmers ranged from nine percent to 100 percent, and averaged 31 percent. 30 Notwithstanding the fact that BuRec farmers pay less than the full amount of capital costs allocated to them, their current outstanding payment obligations total some $5 billion, involving an average annual payment of $43/ha. ($1990), or about two percent of average gross farm income. 31 With average water use of 6.8 acre feet per hectare on BuRec farms, 32 this implies capital cost payments of $6.32/acre foot.
As described above, reclamation projects in Mexico are typically single purpose in character. Potential public beneficiaries of CNA projects, such as recreation, wildlife enhancement, the environment, et cetera, are not considered for the purpose of cost allocation. Nor is it the case that municipal/industrial users are allocated any substantive proportion of costs. Thus, the costs of CNA projects would generally be allocated solely to the irrigation sector. Allocations notwithstanding, there is little if any history of capital cost recuperation from farmers in CNA projects. It then follows that CNA farmers do not have an existing capital cost obligation as do farmers in BuRec projects.
As an aside, we note that there has been little in the way of new authorizations for large reclamation projects in either the United States or Mexico. Over the last two decades, however, one finds in both countries ongoing investment programs for the rehabilitation of existing projects. The ability to pay principle would not seem to guide cost sharing arrangements for such programs in the United States. While there are no hard and fast rules for determining cost sharing for rehabilitation projects in BuRec districts, it would appear that on average farmers contribute some 50 percent of these costs. In terms of rehabilitation programs in Mexico, the CNA is seemingly breaking with past capital cost recovery policies. It is making efforts to institute a limited form of cost recuperation for these costs, particularly in the Northern and Northwestern Regions. There presently exists no agencywide criteria for the recuperation of capital costs for rehabilitation program, however. Ad hoc negotiations are conducted in each Region. In those districts where capital cost recuperation has been suc-30. Burness et al., supra note 11, at 820, tbl. 3. In many instances, costs allocated to irrigation in excess of farmer's ability to pay are charged to 'excess power revenues.' Excess power revenues are net power revenues which may become available after the 50 years over which the hydropower unit has completed paying the costs allocated to hydroelectric power. See id. at 816-17.
31. 1987 Summary Statistics, supra note 3, at 5, 7, and 25. Outstanding and pending payment contracts amount to $5 billion; a 25 year, interest-free, remaining pay-out period is assumed. Gross crop value is $2,300/ha.
32. Bureau of Reclamation, U.S. Dep't of the Interior, 1988 Summary Statistics 66 (1988) . In converting acres to hectares measurement, acres are multiplied by 2.5.
[Vol, 32 cessfully negotiated, the arrangements will typically involve a contribution of 20-30 percent of costs by water users, 20-30 percent by the state government, with the balance absorbed by the CNA.
B. O&M Costs in BuRec and CNA Irrigation Districts
It is generally the case that annual O&M expenditures in BuRec projects are at levels required to fully maintain irrigation facilities, and, setting aside issues concerning the allocation of O&M costs among beneficiaries of BuRec projects, 33 farmers pay the full amount of O&M costs which are allocated to them. With the BuRec on average delivering some 24.8 million acre feet of water to farms for the irrigation of 3.66 million hectares, 34 water use on BuRec farms averages 6.8 acre feet per hectare with O&M costs of approximately $13 per acre foot ($1990). 35 For the last decade or so annual O&M expenditures in CNA districts have been substantively less than levels required to adequately maintain all irrigation facilities. The difference between full O&M expenditures, those required to adequately maintain irrigation facilities, and actual expenditures is referred to as deferred maintenance. The result of continuous deferred maintenance in the CNA's irrigation districts has been an irrigation system which is in extraordinarily poor repair. The CNA's multi-million dollar rehabilitation and modernization program to which reference was made above is an effort to catch up on past deferred maintenance.
Moreover, until very recently, CNA farmers paid but a small (15-25 percent) proportion of these less-than-adequate O&M expenditures. Over the last year or two, the CNA has made notable progress in increasing the level of O&M expenditures in many irrigation districts, as well as increasing the proportion of O&M costs which are paid by water users. Using the 1990 pattern of water use in CNA districts as being representative of an average year, we may then say that on average the CNA delivers some 23 million acre feet of water to farmers for the irrigation of 2.81 million hectares. 38 Water use averages 8.2 acre feet per hectare, and, during 1990-91, farmers will pay O&M costs of $2 per acre foot.
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C. Water Costs as Incentives for Efficiency: Conclusions
The stated goals of this section are to respond to the questions: (i) what is the proximity of water costs paid by irrigators to the scarcity value of water; 4 0 and (ii) what might we conclude in terms of the possibilities of the BuRec and/or the CNA raising water costs for the purpose of improving water use efficiency? We consider each question in turn.
(i) What is the proximity of water costs paid by irrigators
to the scarcity value of water? While, as was pointed out in the first section, the scarcity value of water is determined by myriad factors and can vary widely under different conditions, the following observations may be useful in setting out the possible range for water's scarcity value in BuRec and CNA irrigation districts. A recent study by the CNA provides estimates for the average value of water as measured by net farm income in irrigation districts located in northwest Mexico. These values range from $30 to $60 per acre foot. 4 1 To some extent, this range is consistent with estimates for the marginal value of water in northern irrigation districts found in earlier works: $30-$45/ acre foot in the Comarca Lagunera district42; and $40-$65/acre foot in dis-37. Id. col. 1. We note that included in the CNA's calculation of O&M costs is an item called 'Irrigacion y Drenaje' (I&D). I&D costs are costs incurred by the CNA for extension and educational services to farmers. I&D costs account for some 18 percent of current O&M expenditures of the CNA, and 11 percent of 'full' O&M costs. Farmers in BuRec districts also benefit from extension and educational programs, but such programs are not provided by the BuRec; they are provided by the U.S. Department of Agriculture. BuRec farmers do not directly pay for these programs.
38. Comision Nacional del Agua, Gerencia [Vol. 32 tricts along Mexico's northwest coast. 43 Values for water used in irrigation in the western United States would also seem to lie in the range of $30 to $60 per acre foot. 44 Further, $50 as an average scarcity value of water is consistent with average market values for water rights traded among farmers observed in western states on the order of $500. 45 Thus, recognizing that ranges for water scarcity values may be quite broad, 46 we take $50/acre foot as a reasonable average for such values for the purposes of our discussions.
Using $50/acre foot as an estimate for the scarcity value of water, the response to our first question is straightforward. With BuRec farmers paying on average $6.32/a.f. in capital costs and $13/a.f. for O&M costs, farmer's water costs are $19.32/a.f., or about 39 percent of the scarcity value of water. CNA farmers have no capital cost obligations and presently pay but $2/a.f. in O&M costs. Their water costs are then $2/a.f., or four percent of the scarcity value of water.
(ii) What might we conclude in terms of the possibilities of the BuRec and/or the CNA raising water costs to the end of improving water use efficiency? With water costs one-third or less of scarcity values for water, and absent any good reason for believing that such costs (which are fixed in nature) may affect water use efficiency in irrigation, an obvious question then centers on options available to the BuRec and CNA for using prices for improving the efficiency of water use. At least two general alternatives in this regard might be considered. First, they might simply increase water costs charged to farmers by amounts which would approach the scarcity value of water, costs on the order of $50/a.f. For reasons mentioned above, under present laws this alternative is clearly unfeasible for the BuRec-it manages water facilities, not water per se and has no control over water costs beyond those related to actual annual O&M expenditures. For similar reasons, it would appear that this alternative would be equally unfeasible for the CNA, but this is not totally clear. In either case, a movement in this direction would require legislative changes in both countries. 47. In the case of the BuRec, such changes are highly unlikely. The sovereignty and rights of individual states as provided in the U.S. Constitution are involved here, and it is improbable that western states would cede parts of these rights to the federal government.
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The price-costing alternative has a major weakness in terms of any real expectations for farmers to support its adoption. Scarcity pricing of water represents higher costs to the farmer. Rents to water, or in other words the benefits from increased water use efficiency, accrue to the federal government. While one might think of means by which such rents, or some form of related benefits, could be directly or indirectly returned to farmers in ways which would not affect water use decisions, farmer's resistance to higher costs on their face may be a predictable reaction. These considerations might then lead one to a second alternative which involves rents, or some proportion of rents, accruing directly to farmers: individual or group marketing of water rights. We then focus our attention upon means by which this second alternative might be implemented.
ACHIEVING WATER USE EFFICIENCY WITH MARKET INSTITUTIONS: ALTERNATIVE APPROACHES
Our concern in this section is with institutions akin to the decentralized paradigm for efficient resource allocation. Thus, our focus is on market, or marketlike, institutions in which willing buyers and sellers of water rights exchange those rights. A market price is established which reflects the relative scarcity of water. The extent to which this price accurately measures the scarcity value of water, and results in an efficient allocation of water, will typically depend upon the extent to which the characteristics of the marketlike institution approximate those of the competitive paradigm. 48 In broader terms, our concern is with mechanisms for transferring usufructuary or property rights to water from one user or group of users to others. Such transfers presumably involve reallocations of water to higher valued-i.e., more efficient-uses. The relevance of this concern in the United States 49 manifested by the increase in public interest in reallocative mechanisms which has occurred over the last two decades or so. Such interests reflect an evolving decision environment which is receptive to increased reliance on water transfers as a means for resolving water scarcity problems. This is to say that judicial rulings which place growing emphasis on water use efficiency in considerations of interstate water disputes, 50 the increasing political strength of urban areas, growing water scarcity, and the decline in federal subsidies for water projects have all had the effect of creating a political environment in the United States which is conducive to considerations of water transfers. We will begin our inquiry as to alternative market structures for water transfers by examining the potential strengths and weaknesses of private water markets. Our concern is with market institutions which might be used by the BuRec and the CNA for improving water use efficiency. While private water markets do not currently operate in BuRec or CNA districts, 51 our review of the workings of private markets in the United States serves to set the stage for later discussions. Following our consideration of private water markets, attention is then turned to an examination of water marketing mechanisms used in transactions involving water in BuRec projects, mechanisms wherein public interests in water transfers are represented by the direct participation of a third party.
A. Private Water Markets
In the simplest and most general terms, a private water market is an institution, formal or informal, which facilitate the exchange of water rights among willing buyers and sellers. The major strengths claimed for water markets are, first, under ideal conditions it can be shown that unfettered markets for water will result in an allocation of water rights which is economically efficient, i.e., which will result in water being placed in its highest valued uses. 52 Secondly, it is argued by some that water markets can eliminate water shortages as well as limit distributional conflicts.
53
The private sale of water rights is reasonably common in many western states, in many instances involving the sale of water rights by private individuals, farmers, to municipalities. 54 In transactions involving one farmer's sale of a perpetual water right to another farmer, prices average about $500 per acre foot. 55 Farmer sales of water to municipalities bring much higher prices. A broad sample of water rights prices in west-51. Water markets in the western U.S. have been characterized as a 'two-tiered' water market, reflecting the fact that in a number of western water basins a large proportion of available surface waters are in federal (BuRec) projects and the 'rules' by which water can be transferred in federal projects are quite different from those which apply to transfers among private individuals with property rights in water. In these regards, see W. Ellis & C. DuMars, The Two-Tiered Market in Western Water, 57 Neb. L. Rev. 333 (1978) . 52. These 'conditions' include: many buyers and sellers; well defined property rights; perfect mobility, and perfect information--conditions which are virtually nonexistent in western water basins. See Brajer et al., supra note 48. Fall 19921 ern states, primarily involving the sale of agricultural water rights to municipalities, is given in Table 1 . 56 Probably the best example of a functioning water market in the west is seen within the Northern Colorado Water Conservancy District. Each year, the NCWCD divides the amount of project water available to it among the owners of its 310,000 shares. These shares can be bought, sold and/or leased within the district. The price at which these water shares have sold has varied considerably over time, averaging (per acre foot in 1980 dollars) $99 in 1961; $504 in 1970, $2,895 in 1980; $1,600 in 1983; and $900 in 1985. 5 7 Rapid growth in the area's economy during the 1970s gave rise to rapid increases in the price of water rights in the NCWCD; urban development slowed after 1980 as is reflected in the decline in water prices between the early 1970s and 1985.
There are two important caveats which one must keep in mind in these considerations of private water markets. First, one must understand that the private market transactions for water rights to which reference is made above do not generally take place within a market setting analogous to the paradigm of pure or perfect competition. They may involve one or a few transfers of water rights between monopolistic and/or monopsonistic entities, transfers of water rights within a competitive environment, or any mixture of market conditions between these extremes. 5 8 One finds few (probably no more than one or two) 59 examples in the United States of highly organized, competitive water markets a la the competitive paradigm; 6 0 there are none in Mexico. The assumed conditions underlying the competitive model which are most often found to be lacking in private water markets are: many sellers and (particularly) buyers; perfect mobility (as it relates to small transactions costs); 6 well-defined property rights; 6 2 and, to a lesser extent, perfect information. 63 62. Risks and uncertainty are associated with property rights to water in many cases. As examples, the quantum of the right, or its seniority, may later be found to be less than represented in a transaction; the terms of the right can be socially or politically altered over time; unanticipated third-party effects may arise resulting in a suit; and in some states it could be the case that the sale of a water right could be taken as prima facie evidence of nonbeneficial use, thereby resulting in the revocation of the right. See Weatherford & Shupe, supra note 57; K. Frederick, Introduction in Scarce Water and Institutional Change, supra note 56, at 9. 63. Brajer et al., supra note 48.
[Vol. 32 approved by the state. This will typically involve an application for a transfer submitted to the office of the state engineer who examines the proposed transfer for any adverse effects on third parties. In some states, the transfer is publicized and any interested party can challenge the transfer at hearings conducted by the state engineer. Thus, the ideal conditions to which reference was made above are seldom found in United States water markets, and such markets should be viewed as involving marketlike exchanges of water rights. However imperfect these markets, one might reasonably expect efficiency gains from these marketlike transfers. Asserted weaknesses of the private market for water rights focus primarily on equity considerations. As one example in this regard, in most western states municipalities are exempt from the payment of property taxes imposed by counties. It is then argued that the market acquisition of rural water rights by municipalities can have the effect of deteriorating the tax base of rural county governments. 65 As an example, a common practice (particularly in Colorado and Arizona) for water rights to be obtained by a municipality is its purchase of farmland which has water rights associated with it. This means for acquiring water rights removes lands on the county government's tax rolls, with the potential result of eroding its ability to maintain social infrastructure. Secondly, a great deal of opposition to the idea of allowing water rights to be transferred via markets derives from the wide range of potential externalities associated with the transfer of water rights, particularly in cases where the transfer results in a change in the location of use. Typical external effects relevant in these regards include effects on: fish and wildlife habitat; the protection of aquatic life; recreation; aesthetic beauty; navigation; water quality; access to public waters; and minimum instream flows. 66 While some argue that such externalities might be taken into consideration in water markets via the careful construction of water rights and market institutions, 67 equity considerations lead many to question the efficacy of water markets notwithstanding efficiency benefits which might derive from their use. Brown and Ingram argue that unfettered water markets will threaten both environmental quality and the rights of nonurban constituencies by ignoring the noneconomic values of water; 68 Mumme and Ingram see water markets as "nothing less than a program for the redistribution of control over western water ... toward those parties most able to purchase scarce water rights," 69 and a number of scholars are particularly concerned with water markets as a source for increasing social conflicts. 70 Indeed, there is growing evidence that water law in western states is becoming increasingly influenced by considerations related to equity or, more generally, to the idea that water has a communal value. The idea here is that water is so essential to western society that any transfer of water rights must be subject to close scrutiny by representatives of the general public for assessments of the potential impacts of the transfer on traditional cultural patterns of communities. 71 A number of western states have institutionalized public interest provisions regarding water rights transfers in their water codes or, in the case of California, their state constitutions. 72 The court's acceptance of what has become known as the public trust doctrine as it relates to the public's interests in water rights transfers is seen in the 1985 Shokal v. Dunn decision. 73 In this case the court accepted an extraordinarily broad view of the potential components of public interests; set out the provision that duty to protect the public interest "is related to the larger doctrine of the public trust"; 7 4 and established that the burden of proof is upon the applicant for a water market transfer to demonstrate that "the [proposed transfer] is either in the local public interest or that there are factors that overweigh the local public interest in favor of the [transfer] ." 75 In short, the contemporary debate in the United States concerning greater reliance on water markets as a means for resolving growing water scarcity is centered on trade-tradeoffs between efficiency and equity B. Water Transfers of Water in BuRec Projects:
'Brokered' Transactions and 'Water Banking' Looking next to water resources under the auspices of the BuRec, federal law provides that in federal projects "the right to use the water... shall be appurtenant to the land irrigated ... ,"76 a provision that at one time was interpreted as disallowing transfers of water beyond the boundaries of a irrigation district. In more recent legislation, the Congress has authorized the delivery of project water to urban areas in the vicinity of irrigation projects, and in 1920 authorized the Secretary of the Interior to contract for water "for purposes other than irrigation."
Over the last two-plus decades, the more limited interpretation of the appurtenance requirement has been relaxed considerably, and a large number of water transfers within irrigation districts as well as between irrigation districts and municipal/industrial users have been allowed by the BuRec (with the concurrence of appropriate state bodies, and after determination that external effects are minimal). 7 8 The extent to which such transactions have been marketlike, in the sense of farmers surrendering water rights in response to prices determined within something of a market context, varies from case to case. In what follows, we provide examples of water rights transfers involving the BuRec which are, and are not, marketlike.
One example of BuRec sponsored water transfers in the nonmarketlike category is seen in the BuRec's Casper-Alcova irrigation district located in Northern Wyoming. The city of Casper, Wyoming, was facing severe water shortages due to rapid urban growth. Under an agreement which was effectively brokered by the BuRec, the city is financing the rehabilitation and lining of parts 7 9 of the Casper-Alcova district's 59-mile long major distribution canal and its 190-mile-long lateral systems. The effect of this capital investment will be to reduce canal seepage, thereby yielding the city 7,000 acre-feet of water, per year without reducing the quantity of water available for irrigation uses.
A second example which is much grander in scale is seen in the cooperative transfer planned by the BuRec and the California Department of Water Resources involving the Imperial Irrigation District (ID), which diverts some three million acre feet of water each year through the BuRec's All-American Canal, and the Metropolitan Water District of Southern California (MWD). The IID has 1,627 miles of main canals and laterals used to irrigate some 450,000 acres of land. The MWD is concerned with finding a source for municipal water supplies to replace water allocated to but previously unused by the state of Arizona which the state of Arizona will now begin using. A study by the California Department of Water Resources demonstrated that as much as 437,000 acre feet of water could be saved in the RD by investments for: canal lining, spill-interceptor canals, tailwater recovery systems, system automation, more regulatory reservoirs, and a more flexible system of deliveries. 8 0 Water so conserved would cost from $8-$115 per acre foot. The BuRec, the MWD, and the IID are in the process of negotiating the MWD's financing of these investments to the end of making water conserved by the process available to them for municipal uses.
Looking next to water transfers involving BuRec projects which approximate market transactions, a particularly interesting example is seen in the BuRec's role as a water bank during the 1976-77 drought in California. 81. One sees an expansion in the role of water banking in recent legislation adopted in the State of New Mexico. Conservancy districts are now allowed to 'bank' unused water in storage reservoirs, and such 'banked' water is considered to be a beneficial use of the water. Under the 'prior appropriation' doctrine, rights to water which is not put to beneficial use may be revoked by the state. This new provision whereby banked water is considered to be a beneficial use then protects the water rights of the conservancy districts during periods where less-than-full use is being made of their water supplies.
[Vol. 32 established: preservation of orchards and other perennial crops, irrigation of support crops for dairy and beef-cattle herds and other breeding stock, and irrigation of other crops. Public Law 96-18 also made funds available for interest-free loans to irrigation purchasers of water with a repayment period not to exceed five years.
A Congressionally imposed caveat for such transactions was that no undue benefit or profit should accrue to water sellers. Thus, the BuRec was directed to establish water prices that would recover all expenditures in acquiring the water, and which would reimburse sellers for any lost income from their transfer of water to other users. The price at which water was exchanged in the water bank was then the opportunity cost of water to irrigators. Lease prices for water arranged at the water bank ranged from $55-$142 per acre foot, and averaged $61 per acre foot. 82 Bearing in mind that this average price included conveyance and pumping costs required to get water to the purchaser, the proximity of this average lease value ($61) to our earlier estimate for an average scarcity value of water ($50) is remarkable. The bank purchased some 46,438 acre feet of water from the California State Water Project and the BuRec's Central Valley Project, and sold 42,544 acre feet (the difference represented returnflow and conveyance losses). The operation of this water bank in California is credited with substantively easing the hardships suffered by California farmers and cities during the drought.
The BuRec has since played the banker's role in a number of other transfers. One example is seen in the transfer of water between the Emery Water Conservancy District and the Utah Power and Light Company in central Utah. 83 Following their assessment of environmental effects which could attend such a transfer, the BuRec facilitated a reduction in irrigated acres in the Conservancy District which freed 6,000 acre feet of water which was then transferred to the UPLC. Both private parties and the federal government benefited from the transfer. Farmers were directly compensated for the transferred water (in unreported amounts). The UPLC was required to pay the farmers remaining debts to the federal government for costs allocated to the Conservancy District for capital cost recovery, but at M&I rates rather than at rates established for farmers. This resulted in a net increase in the total capital cost repayment obligation to be received by the federal government in the amount of $3.9 million.
Still another example is seen in the Arvin-Edison Water Storage District (AWSD) in California's San Joaquin Valley. The AWSD operates a water exchange pool wherein each year offers and requests for water exchanges are submitted to the District. Buyers and sellers are brought together for the purpose of facilitating water exchanges. Some seven to eight percent of the District's water supplies are exchanged each year.
What we see here is increasing reliance on marketlike sales and transfers of water in BuRec projects to the end of improving the efficiency of water use among all water users. Water prices provide irrigators with incentives to economize on water use in a number of ways: adopt more water efficient cropping patterns; 84 collaborate in investment programs for reducing distribution losses of water; and the retirement from irrigation of marginal lands. Equity issues--externalities and other public interest concerns-are (must be) 85 accommodated in such transactions by the BuRec's involvement as a third party in all transactions.
SUMMARY AND CONCLUSIONS
Concern in this paper has focused on water pricing as a means for improving water use efficiency in irrigation. Such improvements may obtain in a number of ways. Examples include: for any crop, adopting water use coefficients which bring into proximity the marginal value product of water and the scarcity value of water; adopting cropping patterns with high returns to water (an issue about which we have said little in this paper); and the reallocation/transfer of water from low to high valued uses.
We have examined a number of alternative ways in which water prices might be used to provide farmers with incentives to collaborate in programs to enhance efficiency, and have noted the importance of national and regional mandates and priorities in assessing them. One alternative involves water prices which capture the full costs of providing water. A water agency such as the BuRec or CNA might positively affect the efficiency of water use by pricing water-increasing water costs-at levels approaching the scarcity value of water. Such a policy would likely require the formulation of mechanisms by which some part of the rents to water captured by the water pricing system, or basinwide benefits which accrue from increased water efficiency, are returned to farmers in ways which leave unaffected the farmer's choice of water use levels. For the institutional contexts of our case studies in the United States and Mexico, the implementation of this alternative would require changes in existing laws which presently limit the allowable costs which can be imposed on clients of the BuRec and CNA. 84 . We find no hard evidence of BuRec farmers making substantial adjustments in water use per acre for any given crop.
85. The BuRec's concern with these issues is mandated by federal environmental laws in the U.S.; indeed, it is required that an environmental impact statement be prepared for all permanent water transfer programs.
[Vol, 32 A second alternative considered was the use of private markets. With reasonably competitive market structures, the scarcity value of water would be established by market-clearing prices. In the context of such markets, the interests of individual farmers are best served by adopting patterns of water use at which the value of water in use approximates market prices for water; otherwise, rights to water are sold in the market place. Under such conditions, water would be reallocated from low to higher valued uses and users and an efficient pattern of water use would obtain. In the United States, a movement in the direction of greater reliance on private water markets would require at least three sets of changes. First, congressional repeal of the appurtenance requirements in federal reclamation laws would be required. Second, a legal mechanism for bringing into congruence private markets and the Public Interest Doctrine, as set out in most state laws and/or constitutions, would require development. Third, attention would be required for means by which the structure of water markets might be more closely aligned to the structure of a competitive market. 86 Absent a change in the Mexican Constitution, it would appear to be the case there can be no market for perpetual water rights in that country inasmuch as individuals do not have property rights in water. Farmers in CNA districts do, however, appear to have something akin to usufructuary rights and possible market transactions involving the lease of these rights might be considered. Provisions for the operation of such markets might be included in the charters which establish the new User Associations which the CNA is in the process of forming.
There is no question as to the efficiency of water use which would result from an allocation of the resource within the context of a market. Questions do arise as to undesirable effects which can attend market transfers of water. There must generally exist some middle ground, however, between living with an existing pattern of water use wherein water use may be grossly inefficient and the paradigm of perfect competition. Such a middle ground is seen in the evolving role of the BuRec as a broker in marketlike water transfers in the western United States. Greater reliance on marketlike allocations of water in Mexico could substantively enhance overall water use efficiency. The CNA, or Water User Associations, would seem to be ideally suited for the broker's role played by the BuRec in the United States.
